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A digital computer is generally believed to be an
efficient universal computing device; that is, it is
believed able to simulate any physical computing
device with an increase in computation time by at
most a polynomial factor. This may not be true when
guantum mechanics is taken into consideration. This
paper considers factoring integers and finding
discrete logarithms, two problems which are generally
thought to be hard on a classical computer and which
have been used as the basis of several proposed
cryptosystems. Efficient randomized algorithms are
given for these two problems on a hypothetical
guantum computer. These algorithms take a number
of steps polynomial in the input size, e.g., the
number of digits of the integer to be factored.
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Googl edbs Quantum Dream M
John Martinis

A The theoretical underpinnings of quantum
computing are well established. And physicists can
build the basic units, known as qubits, out of which
a guantum computer would be made. They can
even operate qubits together in small groups. But
they have not made a fully working, practical
guantum computer.

A Martinis is a towering figure in the field: his
research group at the University of California,
Santa Barbara, has demonstrated some of the
most reliable qubits around and gotten them
running some of the code a quantum computer
- would need to function.

https:// goo.gl / MTrLFX



John Martinis

A He was hired by Google in June
2014 after persuading the
company that his
technology could mature rapidly
with the right support. With his
new Google lab up and running,
Martinis guesses that he can
demonstrate a small but useful
guantum computer in two or
t hree years. nWe
each other that
process of giving birth to the
guantum computer i1 ndustry, o Hh

https:// goo.gl / MTrLFX



http://www.technologyreview.com/news/530516/google-launches-effort-to-build-its-own-quantum-computer/
http://www.technologyreview.com/news/530516/google-launches-effort-to-build-its-own-quantum-computer/
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NTELLIGENT Y CAL THEORY

"You cannot make a machine to think for you". This is
a commonplace that is usually accepted without gquestion. It
will be the purpose of this paper to guestion it.

Most machinery developed for commercial purposes is
intended to carry out some very specific job, and to carry
it out with certainty and considerable speed. Very often it
does the same series of operations over and over again without
any variety. Thie fact about the actual machinery available
is a powerful argument to many in favour of the slogan quoted
above., To a mathematical logician this argument is not
available, for it has been shown that there are machines
theoretically possible which will do something very close
to thinking. They will, for instance, test the validity

http://www.turingarchive.org/viewer/?id=458&title=1



http://www.turingarchive.org/viewer/?id=458&title=1
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Templalo DNA__
T
PCR 9 3'111111111111115'
g lLLLLILELIIIL 5
A Polymerase chain 3'11111111111”] v
reaction (PCR) is a method fovoangotprmers 5% T 7 T
widely used to rapidly make s LIS
millions to billions of copies 3 lem —
of a specific DNA sample, e oot
allowing scientists to take a symosrgrmvons S~ 5
very small sample of DNA 3.”]””{” i
and amplify it to a large —_—
enough amount to study in NTHRTHE
detail. PCR was invented Iin !
1984 by the American e
biochemist Kary Mullis  at /N
Cetus Corporation. Tl
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Church - Turing Thesis
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NP-

A 1971  Cook NP-
NP-
Levin
A 1972 Karp NP-
NP-
Karp 21
A NP-

oList of NP -complete
pr obl ehtps:H000.9l/XUSVRzZ )

A : Al ntractabil it

A Cook 1982 Karp 1985  Turing


https://goo.gl/XUSvRz
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Clique

(L1 VIV xy) A

(xy VI3 VX3) A

(X3 VIgVxg) A A
(x,—3VI _2Vx,_5)A
(X -2 Vi1 Vi)

3-SAT

Graph Coloring Hamilton Path

NP-



NP-hard

Hamilton cycle
Steiner tree
Graph 3-coloring
Satisfiability
Maximum clique

Matrix permanent
Halting problem

\/complete

Factoring
Graph isomorphism

Graph connectivity
Primality testing

Matrix determinant
Linear programming
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Interactive Proof
s://www.marulabo.net/docs/math -foundations [/
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2. Natarajan MIP*=RE
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BQP (Boundedtrror Quantum Polynomialime): The class
of problems solvable efficiently by a qguantum computer,
defined by Bernstein and Vazirani in 1993 |

Shor 1994 Factoring integers is IBOQP

NP

Factoring/ 3 QP
P




Church -Turing Thesis

A Scott Aaronson Google
Church -Turing Thesis

A Google
Turing

Church -Turing Thesis

Turing




Church -Turing Thesis

A Scott Aaronson Google
Church -Turing Thesis

A Google
Turing

Church -Turj
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MIP* = RE

n MI *= REN
Zhengfeng Ji, Anand Natarajan, Thomas Vidick ,
John Wright, Henry Yuen

2020 1
https://arxiv.org/pdf/2001.04383.pdf
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A MIP*=RE :

We show that the class MIP* of languages that can
be decided by a classical verifier interacting with
multiple all -powerful qguantum provers sharing
entanglement is equal to the class RE of recursively
enumerable languages.

\ Halting Problem :

An immediate byproduct of our result is that there

IS an efficient reduction from the Halting Problem

to the problem of deciding whether a two -player
nonlocal game has entangled value 1 or at most

1/2 .



ATsir el spmloleins
Using a known connection, undecidability of the
entangled value implies a negative answer to
Tsi r el psoblemd we show, by providing an
explicit example, that the closure C,a Of the set of
guantum tensor product correlations is strictly
included inthe set  C,. of quantum commuting
correlations

AConnes 6 embedding conjectur e
Following work of (Fritz, Rev. Math. Phys. 2012)
and ( Junge et al., J. Math. Phys. 2011) our results
provide a refutation of Connes60 embeddi ng
conjecture from the theory of von Neumann
algebras..
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Intractable Impossible
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